Abstract: Experiments using 15 N-labeled urea were conducted for three years to assess the effect of N-deposition on soil C and N dynamics under oak (Qa) and pine (Pk) forest stands in natural field conditions. Throughout the experiment, an increase in total C, mineral N, and total N due to N deposition was greater in coniferous forest soils than in deciduous forest soils, while decreasing the pH of both soils as a result of nitrification. Natural 13 C abundance of soil samples was interpreted to reveal the physical mixing of new C substrates from leaf-litter with old C substrates. The δ 13 C of the upper soil layers became more negative, with greater decreases in the Pk soil. However, with time, the lowering of δ 13 C was better maintained in the Pk soil than in the Qa soil, indicating greater incorporation of new C substrates from leaf-litter decomposition into old SOC pools in the Pk soil compared to the Qa soil. We revealed that an increase in total C and N contents due to N deposition was greater under coniferous forest stands than under deciduous forest stands as a result of greater mixing of new C substrates into the soil profile in this temperate forest.
Introduction
The current global concentrations of greenhouse gases in the atmosphere have reached their highest levels in at least the last 800,000 years [1] , and nitrogen (N) deposition from the atmosphere to forest soils has accordingly increased relative to pre-industrial levels and is predicted to exceed 10 to 60 kg N ha −1 year −1 by 2050 [2] . However, in forests, high N fertilizer application or large atmospheric N deposition is required to ensure high forest productivity. For example, mature temperate forest stands require an annual N fertilization of about 500 kg N ha −1 year −1 to meet the high demand of about 100 kg N ha −1 year −1 for mature forests [3] , which is similar to agricultural N use [4] [5] [6] . Even though most forest ecosystems are N limited, such high amounts of N inputs may become available in the N processes in mature forests, affecting the productivity of forest ecosystems [7, 8] . Nitrogen availability is a critical constraint that determines the size and composition of soil organic carbon (SOC) pools in terrestrial ecosystems [7] . This is because N deposited into the soil surface increases the formation and degradation of soil organic matter (SOM), thereby resulting in an increased residence time of carbon (C) in the soil [8] . In forest ecosystems, an increase in N deposition has had a positive effect on net primary production (NPP), nutrient supply, and SOM decomposition [9, 10] . However, several recent investigations have raised concerns regarding such unfavorable phenomena as soil acidification, biodiversity loss, unexpected modification of biogeochemical cycles, and retardation of biodegradation of persistent organic pollutants potentially resulting from increased N deposition [10, 11] .
Nitrogen deposited in the soil surface tends to move downward through the soil profile, affecting aboveground and belowground biogeochemical processes that regulate the decomposition of tree litter and SOC pools [12] . However, despite the long history of N input to the soil, the response of soil C dynamics to external N deposition remains poorly understood [9, 10] . Therefore, understanding the interactive effects of N deposition in the soil and tree species on SOC decomposition dynamics along the soil profile is essential for determining the residence time and size of an ecosystem's soil organic C pools [13, 14] .
In forest ecosystems, since the biochemical composition of leaf and root litter varies with the type (deciduous and coniferous) of tree species, the composition of tree communities predominantly determines the size and quality of SOC pools, and their decomposition characteristics are further changed by increased N availability due to N deposition at the forest floor [14] . Previous studies have reported that the functional activities of soil microorganisms are related to tree species composition and soil properties [15] , where the tree species affect the microbial community composition, thereby resulting in changes in the soil N mineralization rate, labile C availability, and the C/N ratio [16] . Even though many soil studies have been conducted by comparing different tree species, most of them have focused solely on the aboveground portion of the soil, particularly on soil microbial activity and litter decomposition. Therefore, differences in soil C dynamics due to the type of tree species have not yet been clearly determined. In general, the degree of stabilization of SOC depends on the biochemical composition of organic matter in the soil, and increases with soil depth [12] [13] [14] [15] [16] [17] . Since the quality and decomposition of SOM are affected by the type of tree species and environmental conditions, these two major factors will in turn affect the soil C stocks in the forest. Consequently, in order to clarify these differences, it is necessary to investigate the changes in SOM decomposition with soil depth. However, since soil organic matter decomposes over a long time period, it is not sufficient to fully evaluate its variation within a short time frame, so long-term studies are needed. Natural 13 C abundance is a useful tool for assessing organic matter turnover in the soil, which is used in many studies as an index to interpret the effects of various factors on the plant and soil environment [17, 18] . Particularly, natural abundances of the stable C isotopes ( 13 C/ 12 C, expressed as δ 13 C) of leaves are about −26‰ for C3 plants, as a result of the C isotope discrimination during photosynthesis [18] . Therefore, natural abundances of the stable C isotopes of plant litters can vary depending on the isotopic C discrimination determined by photosynthetic pathways and environmental conditions, such as nutrient availability, vegetation type, temperature, moisture availability, and salinity [17, 18] . On the other hand, natural 15 N abundances in soils are commonly higher than those in atmospheric N 2 and may increase with depth in the soil profile during the decomposition of plant materials [19] . Therefore, stable C and N isotopes in soils can serve as a traceable proxy for the study of SOM dynamics. In addition, the 15 N-isotope dilution technique has been used frequently to identify the fate and retention of N in terrestrial ecosystems. Particularly, it is used to trace the material balance and circulation through soil N cycles because it can identify the influence of various factors affected by chemical and biological processes [17] [18] [19] [20] . Therefore, to our knowledge, the natural abundance of stable C and N isotopes has the potential to provide important information for interpreting changes in the decomposition of the soil organic C pools.
It is a commonly-held belief that an increase in soil C pools due to N deposition is greater in deciduous forest soils than in coniferous forest soils. However, we noticed that the litter from deciduous leaves contains more decomposable components than that of coniferous leaves [7] [8] [9] [10] [11] , thus leading to greater C loss due to faster litter decomposition [9, 12, 15] . Therefore, we hypothesized that N deposition on the soil surface of two different forest (deciduous trees and coniferous trees) floors would result in different distribution patterns of the SOC pools in these forest soil systems. We tested this hypothesis with soil profile samples taken from two different forest floors in Mt. Taewha, Korea. To this end, we conducted a three-year field experiment by applying 15 N-labeled urea once a year in a natural forest. During the experimental period, we measured the time-course patterns of total C and N content, natural abundances of C isotopes along the soil profile.
Materials and Methods

Experimental Sites and Soil Description
The experimental sites were located in a relatively mild hilly area (200 m above sea level), in a mixed coniferous-broadleaf forest that forms part of the Seoul National University Forest in Mt. Taewha, Geonggi-do, (37 • 18 N, 127 • 17 E), Korea. The annual mean air temperature and precipitation here are 11 • C and 1389 mm, respectively. Since a mix of deciduous oak (Quercus acutissima Carruth., Qa) and coniferous pine (Pinus koraiensis Siebold & Zucc., Pk) tree species were predominant in the canopy of this forest, one stand each for these two tree species of a similar forest stand age (about 35-40 years old) were chosen for comparison. This forest did not receive any NPK fertilization for 35-40 years following its establishment. Surface soils (0-20 cm) were collected from each of the Qa soil and Pk soil areas using a soil auger, and the samples were then composited, air-dried at room temperature, passed through a 2-mm sieve, and mixed homogeneously for physicochemical analyses. Soils under both experimental stands were classified as Dystrudepts (Great Group) and were texturally loam (USDA classification scheme): 443 g kg −1 sand, 323 g kg −1 silt, and 235 g kg −1 clay for the Qa soil; and 517 g kg −1 sand, 294 g kg −1 silt, and 189 g kg −1 for the Pk soil. Some relevant soil chemical properties under each forest stand are shown in Table 1 . 
Natural Field 15 N Experiments
Field experiments using 15 N-labeled urea were conducted for three consecutive years to assess the cumulative effect of N deposition on the soil C and N dynamics for the oak (Qa) and pine (Pk) forest stands under natural field conditions. Three locations (15 m × 15 m each) spaced 20 m apart from each other were randomly chosen as replicates for each forest stand, and seven stainless steel soil retrieval profile cores (7.6 cm and 50.0 cm deep) per location were vertically installed in June (summer) 2011 after the removal of tree leaf-litter from the surface. One soil profile core per location was taken and dissected into six sections (0-5, 5-10, 10-20, 20-30, 30-40, and 40-50 cm), and the soils in each section were analyzed for the initial characterization of chemical properties of the soil profile. In each experiment location, half of the remaining profile cores were treated individually with 0.28 g urea (=1.48 g N) ( 15 N-urea at 300 kg N ha −1 year −1 , 5 atom % excess) on the surface of each profile, while the other half was left untreated (control). Subsequently, 5 ml of distilled water was carefully applied to the surfaces to prevent the loss of 15 N-urea. In June (summer) 2012, two profile cores per location were taken from each of the N-treated and control groups for soil chemical analyses (the first year sampling), and the same amount of 15 N-urea was applied to the soil surface of the remaining two profile cores assigned to the N-treatment groups. The same procedures were repeated in June 2013-2014 to take soil samples for the second and third year soil chemical analyses.
Sampling and Chemical Analyses
Soil samples were collected from the 0-5, 5-10, 10-20, 20-30, 30-40, and 40-50 cm layers of each soil profile core. Soil bulk density was determined by gravimetry using intact cores [21] . Each soil sample was air-dried at room temperature, passed through a 2-mm sieve, mixed homogeneously, and analyzed for soil pH, mineral N (NH 4 + -N + NO 3 − -N), total C, δ 13 C, total N, and 15 N atom %.
The soil pH was measured potentiometrically in a 1:5 (w/v) soil-to-water suspension using a pH meter (Orion 3 Star, Thermo Scientific, Waltham, MA, USA). Approximately 15 g of fresh soil (8 g on an oven-dry basis) was extracted with 60-mL of 2 M KCl, and the extract was filtered through a Whatman No. 42 filter paper followed by a 0.45-µm nylon membrane. The filtrate was analyzed for NH 4 + -N and NO 
Calculation and Statistical Analysis
Natural abundances (δ) of the stable isotopes (δ 13 C and δ 15 N) were calculated as:
where R sample is either the 13 C/ 12 C or 15 N/ 14 N ratio for the samples and R standard is the ratio for a standard [Pee Dee Belemnite for C and atmospheric N 2 (=0.0036765 for N). In 15 N-isotope dilution, the 15 N recovery (%) in each soil receiving 15 N inputs can be obtained using the following equations [23] . 15 N Recovery (%) = NDFI/Nf
where NDFI is the N derived from 15 N-labeled inputs, Nf is the amount of N input, T is the total amount of N in the N-treated soil, AS is the atom % excess 15 N in the soil sample, and AF is the atom % excess 15 N in the N inputs treated.
All statistical analyses were performed with General Linear Model (GLM) procedures in SAS software (SAS Institute, Version 9.3, Cary, NC, USA). The effects of four factors (tree species, N treatment, time, and soil depth) and their interactions on soil pH, NH 4 + -N, NO 3 − -N, TN, NDFI, TC, and δ 13 C were evaluated. A four-way analysis of variance (ANOVA) for a completely randomized design with three replications per treatment was performed to test for significant differences among the treatment means within each factor and for interactions among factors. Tukey's least significant difference (LSD) test at the level of p < 0.05 was used to test for significant differences among means. The calculated p-values for the three main factors and the interaction are shown in Table 2 . 
Results
Initial Chemical Properties of Two Different Forest Floor Soils
The chemical properties of Qa and Pk soils are shown in Figure 1 . Mineral N contents and pH were higher in the Pk soil than in the Qa soil at soil depth 0-20 cm, but inverse results were identified at soil depth 20-50 cm (p < 0.05) (Figure 1a,b) . Mineral N contents decreased with soil depth from 11.6 mg kg −1 (0-5 cm) to 1.5 mg kg −1 (40-50 cm) for the Qa soil, and from 16.7 mg kg −1 to 7.8 mg kg −1 for the Pk soil (p < 0.01). The total C and N contents were higher in the Qa soil than in the Pk soil throughout the soil profile, and decreased with increasing soil depth for both soils (p < 0.001). Differences in the average total C and N contents of the upper layer of the soil (0-20 cm) between the Qa and Pk soils were 16.8 g kg −1 and 1.32 g kg −1 , while those of the lower layer (30-50 cm) were 3.81 g kg −1 and 0.27 g kg −1 , respectively. (Figure 1c,d) . The δ 13 C of total C was less negative in the Pk soil than in the Qa soil throughout the soil profile, and increased to a depth of 20-30 cm in both soils (p < 0.001) (Figure 1c,d ). On the other hand, the δ 15 N of total N increased from near 0‰ (surface layer) to near +7‰ at a depth of 20-30 cm beyond (p < 0.05) (Figure 1c,d ).
Soil pH and Mineral N Contents
Soil pH decreased during the experimental year and soil depth regardless of tree species, and the decrease was greater in the Pk soil than in the Qa soil (p < 0.05) (Figure 2 ). In the first-year of the experiment, soil pH at 0-20 cm decreased sharply by 0.29 in the Qa soil and 0.41 in the Pk soil, which were lower than that of control soil throughout the experiment (p < 0.001). At the end, compared with the control soil, the pH of N-treated soils decreased by 0.3 and 0.3 in the upper layers of the Qa and Pk soils, and by 0.3 and 0.6 in the lower layers (30-50 cm) of the Qa and Pk soils, respectively. Prior to N treatment, mineral N (NH 4 + -N and NO 3 − -N) contents were higher in the Pk soil than in the Qa soil, and this pattern was maintained throughout the experiment (Figure 3) . However, the levels of NH 4 + -N at a soil depth of 0-5 cm in N-treated soils were not different during the first two years, but increased during the third year (p < 0.05) ( Figure 3A-a,B-a) , while those of NO 3 − -N increased in the Qa soil and decreased in the Pk soil throughout the experiment (p < 0.05) ( Figure 3A-b,B-b) .
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Soil Total N Content, NDFI, and 15 N Recovery
Regardless of tree species, total N content in N-treated soils increased with time, while that in the control soils remained virtually unchanged (p < 0.05) (Figure 4) . The increasing effect due to N application was evident in the surface soil layer (0-5 cm), but not in the layer below (p > 0.05). The distribution patterns of the NDFI were uniform throughout the soil profile and similar in both Ntreated soils during the first year, and the NDFI increased with time, particularly in the surface soil layer (p < 0.01) ( Figure 5 ). The increase in the NDFI in this layer was greater in the Pk soil than in the Qa soil. The percent 15 N recovery of soils was calculated based on the NDFI values (data not shown). At the end of experiment, the total recovery of 15 N from both N-treated soils calculated through the mass N-balance approach was 61.4 ± 4.8% for the Qa soil and 77.2 ± 10.6% for the Pk soil, with an average of approximately 30.7% of N unrecovered portion. 
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Soil Total C Content and δ 13 C
Compared with the control soils, the application of N increased total C content and decreased δ 13 C values in the upper soil layer (0-10 cm) during the first year, and the effect was greater in the Pk soil than in the Qa soil (p < 0.05) ( Figure 6 ). However, as time progressed, total C content at a soil depth of 5-10 cm increased in the Pk soil, while the increasing effect disappeared in the Qa soil ( Figure  6A-a-c) . During the same period, the decrease in δ 13 C values in the upper soil layer due to N application disappeared in the Qa soil, while δ 13 C values of total C in the deeper layer (10-20 cm) were suppressed more negatively, resulting in an increase in total C content in the soil layer behind the advancing δ 13 C values front (p < 0.05) ( Figure 6B-a-c) . 
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Discussion
Differences in Initial Chemical Properties of Two Different Forest Soils
Since deciduous trees have higher nutrient levels and lower levels of lignin and polyphenols than coniferous trees, leaf-litter of the former decomposes faster than that of the latter [24] [25] [26] [27] , resulting in different soil chemical properties under these two contrasting forest stands (Figure 1 ). In our study, mineral N contents of the Pk soil were higher than those of the Qa soil (Figure 1a) , and this difference can be explained by the differences in the N uptake patterns between tree species [28, 29] . In general, the amount of N uptake by coniferous trees is almost 56% of that absorbed by deciduous trees [25] [26] [27] . However, higher soil total C and N contents in the Qa soil than in the Pk soil (Figure 1b,c) were due to lower levels of lignin and polyphenols of leaf-litter of Qa tree species [23- 
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Since deciduous trees have higher nutrient levels and lower levels of lignin and polyphenols than coniferous trees, leaf-litter of the former decomposes faster than that of the latter [24] [25] [26] [27] , resulting in different soil chemical properties under these two contrasting forest stands (Figure 1 ). In our study, mineral N contents of the Pk soil were higher than those of the Qa soil (Figure 1a) , and this difference can be explained by the differences in the N uptake patterns between tree species [28, 29] . In general, the amount of N uptake by coniferous trees is almost 56% of that absorbed by deciduous trees [25] [26] [27] .
However, higher soil total C and N contents in the Qa soil than in the Pk soil (Figure 1b,c) were due to lower levels of lignin and polyphenols of leaf-litter of Qa tree species [23] [24] [25] [26] and its faster decomposition in the Qa soil [19, 30, 31] . In particular, soil δ 13 C and δ 15 N values were higher in the lower layers than in the upper layers, and this difference in the isotopic C and N compositions of soil total C and total N pools between two soil zones could be explained by the mixing of fresh substrates having more negative δ 13 C and lower δ 15 N into the preexisting old SOC pools that had been enriched in 13 C and 15 N in the profiles for both soils [19, [30] [31] [32] .
Nevertheless, we could deduce that both δ 13 C of soil total C and δ 15 N of total N along the soil profile reflect isotopic fractionation associated with litterfall decomposition and physical mixing processes. Since forest soils are characterized by litterfall and root exudates that are gradually mixed and decomposed down the soil profile [33] , more decomposed SOM can exist lower in the soil profile as a result of decomposition and physical mixing, while newer C and N inputs tend to exist shallower in the soil profile [34] . It is well known that microbial enzymes discriminate against 13 C and 15 N during SOM decomposition, resulting in the significant enrichment of 13 C and 15 N in SOM pools [19, [30] [31] [32] [33] [34] [35] . Therefore, the experimental site well reflected the history of long-term enrichment of 13 C and 15 N in SOM pools and the current mixing of new SOM substrates into the soil profile (Figure 1b,c) .
Effect of N Treatment on Soil pH and Mineral N
With time, compared with the control soils, the pH in both N-treated soils decreased throughout the soil profile, with greater decreases in the Pk soil than in the Qa soil (Figure 2 ). In general, it is known that the decrease in soil pH in forest stands correlates well with the production of H + during nitrification [36, 37] ; however, NO 3 − -N contents were maintained at higher levels in the Qa soil than in the Pk soil ( Figure 3A-b,B-b) , unlike the previous investigations in which the rates of nitrification in coniferous tree stands were faster than in deciduous tree stands [38] . However, greater decreases in pH in the Pk soil than in the Qa soil could not be explained by nitrification alone. In addition to nitrification, the production of H + from leaf-litter decomposition may also affect soil acidification, since coniferous litter produces more organic acids than deciduous litter [39] . Most previous studies have shown that greater and more frequent NO 3 − leaching occurred in soils under coniferous tree stands than under deciduous tree stands [36, 37] and the leaching of nitrate down the soil profile occurred more rapidly when the C/N ratio of an SOM pool was below a threshold of 25 [28] . Particularly, even at the same C/N ratio, leaching of nitrate was greater in soils under coniferous tree stands than under deciduous tree stands [28, [38] [39] [40] . In our experimental sites, intense rainfall occurs from July to August during the summer season (approximately 50% or more of the mean annual precipitation), and rainfall exceeds evapotranspiration. Our results of annual distribution patterns of NO 3 − ( Figure 3A-b 
Effect of N Treatment on Soil Total N Contents
The application of N increased total N content in the topmost soil layer (0-5 cm) ( Figure 4 ) due to enhanced decomposition of leaf-litter containing about 5% N [7, 8] , and the increasing effect was greater in the Pk soils than in the Qa soils due to greater decomposition [39, 40] . A greater increase in total N observed in the topmost soil layer was well corroborated by the recovery and partitioning of applied-N in the soil profile ( Figure 5 ). In particular, a greater soil total N in the Pk soil than in the Qa soil indicated faster decomposition of the Pk leaves on the forest floor, as evidenced by a greater increase in total C and a concurrent decrease in soil-δ 13 C (Figure 6 ).
At the end of the study, total amounts of urea-N recovered and the corresponding recovery in the system were 353.1 ± 3.8 mg and 61.4 ± 4.8% for the Qa soil and 455.8 ± 2.9 mg and 77.2 ± 10.6% for the Pk soil (data not shown), indicating a considerable N loss from the system. The unrecovered loss of 15 N could be ascribed to N leaching, denitrification, and/or NH 3 volatilization [23] . However, NH 3 volatilization or denitrification would have contributed much less to 15 N loss than N leaching based on the amounts of NDFI throughout the profile (Figure 5 ), since the soil pH remained acidic (below 5) and the soil remained mostly aerobic (data not shown). In addition, dissimilatory nitrate reduction to ammonia (DNRA) could result in decreasing NO 3 − concentrations [41] , but we could disregard the contribution of DNRA to N loss, since denitrification is negligible and NH 4 + concentrations remained virtually at low levels in both soils (Figure 3) . Therefore, we deduced that NO 3 − leaching denitrification was mostly responsible for the unrecovered portion of 15 N (N loss) in both N-treated forest systems [23, 37, 38] .
Effect of N Treatment on Soil Total C Contents and δ 13 C Values
It is well known that N treatment to the forest floor increases the soil microbial activity and the soluble-and insoluble organic C pools in the forest soils [2] , and the magnitude of the increase in the soil microbial activity and SOC pools varies with the litter composition of the plant species [41] . We also observed that N treatment to the surface of the forest soils obviously increased soil total C contents at 0-10 cm soil depth in both forest soils (p < 0.001) ( Figure 6 ) due to stimulated decomposition of leaf-litter and SOC pools, and this phenomenon was corroborated by a greater increase in total N content in this surface soil layer (p < 0.01) (Figure 4 ). In particular, the portion of N recovered in the surface layer of the soil was greater under coniferous tree (Pk) stands than under deciduous tree (Qa) stands ( Figure 5 ), and this phenomenon could explain the greater increase in total C contents in the Pk soil due to greater litter decomposition ( Figure 6 ). Unlike most previous observations which showed that an increase in soil total C content was greater under deciduous tree stands than under coniferous tree stands as a result of faster decomposition of SOM pools in the former forest soils than in the latter forest soils [42, 43] , we observed that N treatment caused a faster tree litter decomposition in the Pk soil than in the Qa soil, resulting in a greater increase in total C content in the Pk soil than in the Qa soil. Finn et al. [44] reported that the amounts of soil C and N pools that remained in coniferous forest floors after decomposition at a constant temperature were larger than those in deciduous forest floors. In particular, even under similar environmental conditions (climate region, temperature, rainfall, and soil moisture), it is well-known that soil CO 2 efflux is highest from deciduous forests, followed by mixed forests, and lowest from coniferous forests [44] [45] [46] , as a result of the higher lignin content of their leaf-litter [47, 48] and lower SOM degradation [46] . Compared with the control soils, N deposition obviously increased soil total C contents (p < 0.001) (Figure 6 ), and this increase in SOC pools was well supported by the increase in 15 N recovery ( Figure 5 ) and the concurrent decrease in soil-δ 13 C to 0-10 cm soil depth in both forest soils ( Figure 6 ).
It is believed that δ 13 C reflects the decomposition and physical mixing of leaf-litter (new substrate) and SOC (old substrate) pools in forest soils [18, 30, 36] . We obviously showed that compared with their respective control soils, δ 13 C of total C in the surface soil layer (0-10 cm) decreased due to N deposition, while total C content increased, indicating the mixing and transport of new C substrates into old C substrates down the profile (p < 0.001) (Figure 6 ). During the same time period, the decrease in δ 13 C of total C was maintained in the upper surface layer under the Pk stands ( Figure 6 ), and this could reveal the sustained incorporation of leaf-litter and release of newer C substrates from decomposition, resulting in a greater increase in total C content. In particular, the increase in total C content and the concurrent decrease in its δ 13 C became greater with time in the Pk soil compared to the Qa soil ( Figure 6 ), and the annual increase in total C content was well corroborated by the increase in 15 N recovery in this soil layer ( Figure 5 ).
However, soil total C contents were not different between both N-treated soils and the control soils below a soil depth of 10 cm, and this pattern indicated that new C substrates from litter decomposition did not penetrate into the soil profile below this soil depth (10 cm) over the three years, since NO 3 − ions migrate much faster than organic C particles through the soil profile [49] . The increasing patterns of δ 13 C from the surface to this soil depth obviously reflected the physical mixing of new C substrates with old C substrates while migrating down the profile (Figure 6 ), even though the decomposition of SOC pools leaves behind the heavier 13 C substrates in the soil. Since forest soils are characterized by litterfall and SOM pools that are gradually mixed and degraded down the soil profile, more recalcitrant substrates (such as lignin, fat, and wax) are in deeper soil layers [2, 47] . It is a common notion that N treatment causes an increase in SOC contents through increased soil microbial activity [35, 38, 49] . However, our results invariably indicated that the decomposition of old SOC pools is very limited in deeper soil layers where the chemical and biological activities are limited.
Conclusions
We challenged a commonly-held belief that an increase in soil C pools due to N deposition is greater in deciduous forest soils than in coniferous forest soils. We hypothesized that N deposition at the surface of the forest floor would stimulate the decomposition of litter and SOC pools and affect the mixing of new C substrates released from decomposition into preexisting old SOC pools down the profile, thus causing a difference in the response to N deposition between two oak and pine forest soils. We interpreted the causal relations for the differences in SOC dynamics in a temperate natural oak and pine forest by analyzing natural 13 C abundances (δ 13 C) and by using the 15 N-isotope dilution technique. Compared with their respective control soils, the lowering of δ 13 C with increasing total C contents in the surface soil layers (0-20 cm) for both forest soils after N application well reflected the relative contribution of the production of fresh C substrates from litter decomposition and the subsequent physical mixing into old SOC pools down the soil profile. In addition, we found that the incorporation of new C substrates into old SOC pools was greater under coniferous pine tree stands than under deciduous oak tree stands, at least in this temperate region. Particularly, an increasing pattern of δ 13 C of the soil to a depth of 20 cm indicated the deeper penetration of new C substrates into the soil profile as a result of 13 C isotope mixing with old C pools, and this phenomenon was well evidenced by an increase in 15 N recovery in this upper region with time. However, we could not fully explain how differences in nutrient composition of leaf-litter between two contrasting tree species affect litter decomposition and the formation of SOC pools, since no direct measurements were made on the kinetics of litter decomposition and microbial activity in both forest floor soils. Despite this lack of direct information supporting the contribution of leaf-litter decomposition to the increase in SOC pools, we revealed that an increase in total C and N contents due to N deposition was greater under coniferous forest stands than under deciduous forest stands as a result of greater mixing of new C substrates into the soil profile in this temperate forest. Therefore, the kinetics of litter decomposition of leaf-litter types, soil microbial activity, separation of the mixing of new substrates from the decomposition of old C substrates, and the formation and stabilization of SOC pools should be considered in advance.
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